Comparison of the functional insulin binding epitopes of the A and B isoforms of the insulin receptor.
The human insulin receptor is expressed as two isoforms that are generated by alternate splicing of its mRNA; the B isoform has 12 additional amino acids (718-729) encoded by exon 11 of the gene. The isoforms have been reported to have different ligand binding properties. To further characterize their insulin binding properties, we have performed structure-directed alanine-scanning mutagenesis of a major insulin binding site of the receptor, formed from the receptor L1 domain (amino acids 1-470) and amino acids 705-715 at the C terminus of the alpha subunit. Alanine mutants of each isoform were transiently expressed as recombinant secreted extracellular domain in 293 cells, and their insulin binding properties were evaluated by competitive binding assays. Mutation of Arg(86) and Phe(96) of each isoform resulted in receptors that were not secreted. The Kds of unmutated receptors were almost identical for both isoforms. Several new mutations compromising insulin binding were identified. In L1, mutation of Leu(37) decreased affinity 20- to 40-fold and mutations of Val(94), Glu(97), Glu(120), and Lys(121) 3 to 10-fold for each isoform. A number of mutations produced differential effects on the two isoforms. Mutation of Asn(15) in the L1 domain and Phe(714) at the C terminus of the alpha subunit inactivated the A isoform but only reduced the affinity of the B isoform 40- to 60-fold. At the C terminus of the alpha subunit, mutations of Asp(707), Val(713), and Val(715) produced 7- to 16-fold reductions in affinity of the A isoform but were without effect on the B isoform. In contrast, alanine mutations of Tyr(708) and Asn(711) inactivated the B isoform but only reduced the affinities of the A isoform 11- and 6-fold, respectively. In conclusion, alanine-scanning mutagenesis of the insulin receptor A and B isoforms has identified several new side chains contributing to insulin binding and indicates that the energetic contributions of certain side chains differ in each isoform, suggesting that different molecular mechanisms are used to obtain the same affinity.